
OmoBER, 1918. MONTHLY WEATHER REVIEW. 449 

SECTION II.-GENERAL METEOROLOGY. 
A XUCH NEEDED CHANQE OF EMPHASIS JN 

METEOBOLOGIC4L BESEABCH. 

By PROF. WILLIAM 5. FRANKLIN, Maesachueetta Institute 
of Technology. 

[Presented before Washington Academy of Sciences, June 7,1918.1 

Meteorology is generallv conceded to be tho least acl- 
vanced of all the physical sciences. While considerable 
advances have been made in forecastin based on tele- 

single station is but little better than has been possible 
for a thousand years among weatherwise farmers. And 
not even a definite scientific conception of the possibility 
of weather control has hitherto existed. These are very 
im ortant phases of meteorology, weather rediction, 

lrtboratory physicists who do predict and control should 
have a contempt for meteorological studies, and espo- 
cially for those of statistical character. Also, in view of 
the wonderful developments in laborator physics, it is 

apologetic in their attitude toward their work It seems, 
however, to the author that contem t for statistical 

unjustifiable, and very certainly no meteorologist shoultl 
take aa apologetic attitude toward his chosen line of 
worli. 

One object of this pa er is to show tlint the ordhia1.y 

narrow and his disap roval of statistical studies not to 

the meteorologist that he has been too much imbued 
with the older point of view of the laboratory physicist, 
and still anot,her object which is, in fact, the chief ob’ect 
of the paper, is to set forth a new point of view, which is 
b-mg to develop among laboratory physicists, a 
pomt of view which may be es ected to lead to n very 

method. Indeed it seems probable, in the author’s 
o inion, that statistical studies may come to be as 

The most rcmarkab e thing concerning the older 
methods in the physical sciences is that every measure- 
ment, every laboratory study, is and must be made in a 
region in equilibrium, in thermal equilibrium more or 
less nearly complete. The older physics i3 the study of 
permanencies,’ as explaiued in tlie folluwi~ig pages. 
Actual movement3 in nature, actual happenings, things 
which do occur, have never been the immediate objects 
of study by the physicist or chemist. If an actual 
movement presents a dominant state of peiinanenc.y, 
like the motion of the earth in its orbit, this domhiant 
state of permanency is abstracted froni the complex 
movement as a whole and treated by the well-known 
method of mechanics. If an actual movement presents 
a state of quasi equilibrium, like the slow saponification 
of an oil m an alkaline solution, thiq state of quasi 

graphed information, forecasting from o 7l servations a t  a 

an $ weather control, and it is no wonder t 9 iat many 

natural that many meteorologists should E e more or less 

studies on the part of the laboratory p E ysicist is wholly 

point of view of tho la % oratory physicist is extremely 

be taken very serious P y. Anotlier object is to convince 

great increase of interest in t % e use of the statistical 

a R uring 8s the classical hysics. P 

I The reader will be very p a t l y  helped in getting a clear idea of what Is here refqred 
to if he will look up a simp e discussion of the mechanical notlm of force which is given 
on pqe.8 3222923 of fianklh and McNutt’s qeneral Physics MoOrawH111 Book Co. 
New ork 1916. This dlsrmssion is an ex osition of some of the simpler ideas whicd 
are set forth In a remarkable article by Sir h i w h  Lnrmor “On the Scope of Mechanical 
Explanation.” The present aper m-wt be ke-t within readable limits-, and the aii!hor 
considersit necessary tosupp!ement the papq%y re@nces, which map help definite1 
and clearly to a c m  Hsh his object The article by Sir Joseph Lannor is very dlflicd 
to read and it woulabs useteas for’any reader of moderate mathematical attainments 
to attehpt to mc~ it. 

equilibrium is abstracted from the complex movement 
as a whole (the solut.ion may be violently agitated for 
esample) nnd studied as a chemica.1 reaction velocity. 

flow (approximately steady flow) 
more or less abstraction, a t  the 

conduction and emission. In 
every case in which quantitative correlations are estab- 
lished in the laboratory t.lie experimental s-ystem is 
brought niore or less conipletely under control to a 
state of ermanency. For example, we take a batch of 

ances by t,hick layers of cotton or wool, we use a long- 
st,emmed thermometer to measure its temperature, and 
w o  change its volimie with extreme slowness rtnd make 
measurements of corresponding temperatures, pressures, 
m d  volumes, and it ia not surprising that we find a very 
defini t,e correlat.ion between temperature, pressure, and 
volimie of such n quiet body of gas? Let, it be under- 
stood tlint we are not here concerned with the fact that 
Boyle’s law, for esample, is not, exactly true, but we are 
concerned with the fact that there is a definite relation 
between the pressure and volume of a given body of 883 
at a given temperature. The mathematicians call such 
a relation a one-to-one correspondence. 

All of the classical laws of physics are one-to-one cor- 
respondences; they relate always to substances or s s- 

when they refer to quasi permanence, and the essential 
narrowness of the classical method in physics and 

ointed out 

to recognize the necessity or appreciate the tremendoua 
practical importance of any narrow and prosaic point 
of view. 

gas and E ottle it up and protect it from outside disturb- 

tems in permanent stat?; they are approximate on T 9 

chemist% than by oethe, who, being a poet, could not % e expected 
has never been more strikingly 

“ Wer will was Lebendiges erkennen und beachreiben 
Sucht mt den Geist hixaua zu treiben.” 

Whoever undertakes to study things seeks at the be in- 
ning to drive the spirit out. To make any det 3 ed 
chemical study of wood, even of dead wood, one must 
crush it and cook it and by dissolution reduce it to one 
or more homogeneous substances. In stud ipg any 
complicated chemical phenomenon one must &rut one- 
self to what may be called, in mild derision, the “be- 
fore” and “after” method: comparing the uiet initial 
state of a system with its quiet final state, an% one makes 
a discovery if one establishes a relation between aaso- 
ciated changes which take place in two systems.6 

1 It Is a common mistake to think of the classlcal laws of physiw as inexad when they 
are merely not simp& from the arithmetical or algebraic point of view. The pressure 
of a body of oxygen at a Bxed temperature Is not exactly in inverse prnparticm to the 
volume. but for eacb volume there Is a wfectly delinite pressure. mrfectb deBnite if 
one has a su5ciently large body of oxy&n, If it is sufficitintly profected fiom outside 
dlsturbances, and if mm-ents of volume and pressure are taken so 811 to refer to 
the average behavior of the gas over 8 very long interval of time, as long as a few thou- 
saudth’s nf a second, let us say. 

a Or when the ex rimental system is very small or the measurements taken too 
quickly. The atomgtheory suggests that this qualiecation applies to e kind of 
onetoone correspondence in nature and careful observation has ver15ed%& sugges- 
tion in slew instances. 

4 See gutlhe of boiler test under the heading s‘Thermodpnsmics and the atomic 
theory. 

6 The ideas of energy and entrop have to do who11 with associated changes in s s p  
rete srstems. end however stroncz inclhed the rea&, mav he to thhk of enerim a8 

midous1 to form our sense of physiial thhgs * * 5 but they Mlblt 811 
well. Th&matteris discussed in avery naive mannnrin theintrodwtion 1-15, 
of Franklin and McNutt’s Mechmiw and Heat, Franklin and Charles, B e t b w q  Pa., 
1810. 
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Errors of mmrement-Probable mms and probable 
departures. 

It has long been the custom to speak of the probable 
error of a precise measurement as if perfect precision 
would be possible if our measurin devices were perfect 
and free from erratic variations. % is important, how- 
ever, to recognize two distinct types of erratic error, 
namely, extrinsic error due to uncontrollable variability 
of the measuring device or system and intrinsic error 
due to inherent variability of the thing or sptem which 
is being measured. Every physical measurement in- 
volves an o eration of congruence, a standard of some 

(which parts are thereby jucged to be equal parts) of 
the thing or system whch is being measured; and the 
standard system and the measured system are both sub- 
ject to erratic variations. 

There is, perhaps, no case in which intrinsic error and 
extrinsic error can be clear1 distinguished and separated 

larger than the errors of the other kind, the can, of 
course, be recownized. It is proper bo speat of the 
probable error OF a single measurement when the. vari- 
ations of the measuring device or system are donunant, 
but one should speak of the pobable de &ure of the 

chefly to variabilit of the thing or system which is 

sliding friction extrinsic error may e e  made negli ible 

‘rerrors” persist. The thing which is being measured is 
inherently indefinite, and it may at any time depart 
widely from the most carefully considered e-xpectation.” 

“ff” 

from each other; but when t K e errors of one kind are much 

measured sysbem from a certain ex ecte 8 condition at 
any time when the “errors” of o g servation are due 

being measured. dl us, inmeasurinv the coefficient of 

by making the measurements carefully, but very k arge 

kind is fitte B to or made co ent with successive parts 

Hydraulics as illustrating the method of rn.eehnnics. 

Hydraulics is the study of fluids in motion, and 
the phenomena of fluid motion are to the caroful observer 
excessively complicated. Even tshe apparently st,eady 
flow of a river though a smoot-h sandy channel is an 
endlessly intricate combination of boiling and whirling 
motion; and a jet of spray from a hydrant or a burst 
of steam from the safety valve of a locomotive, what 
is to be said of such thin9 as these? Or let one consider 
the fi€ful motion of the wnd  as indicated by the swaying 
of trees and the quiveri of leaves and as actually 

of flames in c o d a  ration. These are actual examye; 
of fluid motion an % they are indescribably, infinitey, 

visibie in driven clouds of 3 ust and smoke, or the s~7eep 

corn licated. 
T%e science of hydraulics is based upon ideas which 

relate to average aspects of fluid motion. Thus the 
engineer is concerned chiefly with such thin as the time 
required to draw a pail of water from a hy ant, the loss 
of pressure in a line of pipe between a pump and a fire 
nozzle, or the force exerted by a water jet upon the 
buckets of a water wheel. These things are never perfectly 
steady but they are always subject to erceptible fluctua- 
tions of an erratic character, and to t fun k of any one of 

~~ 

@We are here neaassarily anticipating what is referred to Inter as the postulate of 
indetermlnlsm. 

1 Eveqone concedes the idea of inhlty which is based on abstract number-one 
two three, four, and so on ad InBnitum+md the idea of f f i i t y  whi+ comes from th; 
condemplation of a straight line. But most men are concerned with the humanly 
8igniEcant and more or less persistent phases of the material world; thelr perception 
does not petrate  into the substratum of erratic action which underlies every hyslnrl 
happening and they balk at the suggestion that the phenomena of fluid mofiun for 
example ire in8nitelyoomplicated Sure the abstract idea din8nityisasnothng 
o!nnpareh d t h  the awful inthat& of &ty that ccmres lram tainge that are 8ean 
and felt. 

these effects as definitely quantitative is of course to thiik 
of itt3 average character under the given conditions; and 
the estent to which the science of hydraulics is limited 
by the consideration of average effects is evident from 
tlic following outline of the fundament,al idea of simple 
flow. 

When water flows steadil through a pipe or channel 
the motion is always corn icated more or less by con- 

not continue to move in a fiscd direction at a constant 
velocity. Nevertheless it is convenient to treat the 
iiiotion as if the velocity of the water were in a k e d  
direction and of constant magnitude a t  each point. 
Such ideal fluid motion is called simple flow, and to use the 
idea of sini le flow in the study of an actual case of fluid 

acter of the motion durin a fairly long interval of time. 

over the entire section of the pi e or channe y” . of pipes and channels is to consider the aver 

particular drop of rain or whether it falls on the north or 
south side of a particular clod of earth-all such erratic 
details are tro hini of no consequence; but the erratic 
movements of a fluid are not always unimportant as the 
experienced seainan and especially the experienced 
aviator knows too well, and where individual cases of 
erratic behavior are important the classical method in 
physics is somewhat limited in its usefulness. Indeed 
the use of the classical method tends to divert one’s 
attentioh away from errat.ic happenings, however im- 
portant they inay be. 

tinually changing eddies; t i e water at a given point does 

motion is t Fl e same thing as to consider the average char- 

Also to make use of the i c f  ea of lamellar flow in the study 

A gardener is not concerned wit ?l the size or shape of a 

Th.mnodpamies and th.6 atomic theory. 

In nearly every branch of physical science there are 
two niore or less distinct methods of attack, namely, (a) 
a method of attack in which the effort is made to develop 
niec.hanistic conceptions or models of physical and 
chemical processes, and (b )  a method of attack in which 
the ef€ort is made to correlate phenomena on the basis of 
measured data; and these two methods stand out in 
sharpest c.ontrast in the study of heat phenomena. The 
first method is the ap lication of the atomic theory and the 

The atomic theory is used in every branch of physics 
but to develop the contrast between the atomic theory 
and thermodynamics we will limit our discussion to the 
subject of heat (which properly includes the whole of 
chemistry). Every student of elementary chemistry is 
Familiar with some of the uses of the atomic theory. 
What happens when carbon burns, for example? Two 
atoms of oxy en fall u on an atom of carbon and form 

Let the reader recall the well-known ideas; 
t Ti ere ta is no need to dwell upon them here. But in the 
purely thermodynamic method one is not concerned with 
thermal and chemical actions themselves but with their r e  
sults. Iniagiiie an engineer squinting into a furnace and 
makinga minute ulicrosco ic study of every flickerof flame 

port.ant and feasible thing in a boiler test is to study (1) the 
condition of the supply water from which the steamismade 
(2) the qualitiesof au and coal which are to combine in the 
furnace (3) the pressure and temperature of the steam 
which is to be produced, and (4) the quality and tam- 

erature of the flue gases as they enter the chimney. 
h a t  is to say, it is important (and feasible) to consider 

second method is cal Y ed themodynamies. 

a molecule o f CO,, w i ich when formed is in violent 

andofevery curland puff o !! smoke. Itisnotdone. Theim- 
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only the state of things before and after the combustion 
takes lace and the only measurements that are needed 

are measurements made of substances in approximate 
thermal equilibrium. 

Systematic physics and statistical physics. 

Helmholtz has used the term “systematik’J to desiq- 
nate the classical methods in physics, which inchide the 
method of mec.hanics and the method of thermodpam- 
ics, and also the atomic t h w w  when it is used, as it 
often is, to help in the establishment of one-to-one cor- 
respondences in systems in permanent or quasi-perma- 
neiit states. Nearly the whole of hysical science has 
been hitherto what &dmholtz callexsystematik, and the 
correlations which have been established are, nearly 
all of them, one-to-one correspondences, many of which 
are expressible to a fair degree of approximation in ternis 
of very simple analytical functions. 

Wo often extend the classical method in physics to 
systems which are very far removed froin permanent 
states, but the ideas which are used and the kinds of 
correlations which are established are all borrowed from , 
and relate to ideal permanencies. We may, for example, 
determine to a certain rough degree of ap rosimation 
how the members of a bridge structure stretc R or shorten 
as a car passes across the bridge; how electromotive 
force, current streiigth, and all the changing variables 
play in the operation of a dynamo; how the pressure nncl 
temperature of the steam vary during the successive 
stages of admission, expansion, and eshaust of a steam 
engine; and so on. But all these things are accom anied 
by very perce tible amounts of erratic action. #ew- 
thing which tales place in this world has associated wiish 
i t  a substratum of complex action which baffles descrip- 
tion. Consider, for example, a simple thing like the 
movement of a train of cars. The engineer is concerned 
only with certain broad features of what takes place, 
the amount of coal and water used, the draw-bar pull 
of the locomotive, and the forward motion of the cars as 
affected b steepness of rade and the opposing force of 

and rattling motion of the cars and the whirling an8 
eddying motion of the surrounding air, and who could 
trace the motion of every particle of dust and smoke? 
This indescribably complex action we call by the name 
of turbdmce; i t  exists everywhere and in everything 
that goes forward in this world of ours, and it is never 
twice alike in detail even when the conditions are what 
one would consider esactly the same. All of which sug- 
gests two postulates concerning turbulence, namely, 
(a) that it 18 infinitely complicated, and (b) that i t  is 
essentially erratic in character. Let i t  be undeistood, 
however, that we are not speaking in ternis of ordinaiy 
ideas or values in making these two statements. It is 
not a question, for example, as to whether a brakeman 
loses his hat every time he makes a tri from Albany to 

every time at identically the same place because of a 
ust of wind of precisely the same character when he 

fets go of i t  in the same way because of a sudden jerk 
of the train which always occurs a t  the same place in 
exactly the same manner, and .so on in endless detail 
of specification, if such spec.ification were. ossible. 

lanets or in the operation of a simple machine llke a 
&am0 the accompanying erratic action is practically 
negligible. Thus one does not consider even the tre- 

(and t ; e only ones that are feasible or even thinkable) 

friction. 5 u t  who mu1 f describe in detail the rockino 

Buffalo, but it is a question as to whet R er his hat is lost 

In  the motion of a simple mechanism 11 R e the sun and 

mendous stolrp movements in the sun in the study of 
planetary motion, and one does not consider the minute 
details of the motion which takes place in a lubricated 
bearing in the stud of the operation of a dyna.mo. In 
many phenomena, %owever, erratic action is dominant. 
Consider, for esample, the motion of the water in a brook. 
l’his motion presents a fairly deh i t e  average character 
a t  each point, and a fairly typical rythmic variation from 
this avera e exists at each point, but there is an erratic 

negliuible in magnituae. So it is in the case of the 
weat%er. There is a fairly definit,e average of weather 
conditions a t  a place from year to year, and a fsirly 
typical rythmic variation, but there are; ns we all know, 
wide departures from average a.nd from type, departures 
which for the most part are erratic in character. 

hysical and 

processes.” T i e  most familiar exam >le of such a process 
is ordinary fire, and, as eveiy qiie h o w s ,  a fire is not 
dependent, upon nn external dnvmg cause, but when once 
start,ed it goes foiward s ontsneously and with a rush. 

says that it wa.s one of the philosophical difficultues of 
t,he eight,eenth century. A spark is sufficient to start a 
conflagration and the effect would seem to be out of all 
pro ort.ion great,er than the cause. Herein lay the philo- 

sn.me ns tlint which the biologist aces in thinking of the 
small beginnings of such a. tremendous thing as the chest- 
nut tree blight in the United Stat,es. Tile chance im- 
portation of a spore is indeed a small thing, but it is by 
310 means nn infinitesimnl, wherens, under conceivable 
conditions a f i e  can be started by a cause more minute 
nncl more nearly insignificant than anything assignable? 
“his possibility of the wth of tremendous consequences 

an infinitesimal is the remarkable thing; and this possi- 
bility is not only characteristic of fire, but it is chnracter- 
istic of impetuous processes in general. 

The postuubte of indderniin.ism..lQ 

Impetuous processes, such a3 storm movements of the 
atmosphere are intimately connected with conditions of 

departure f rom tmhis r e d a r  motion which is by no means 

Turbulence is charactmeristic of those 
chemical chnn es which are called irreversib Q e or sweeping 

Tyndall, in referring to t, F le impetuous chnract,er of fire, 

soplicnl B 1 difficulty. “his difficult may seem to be the 

out of a cause which r as the mathemntical character of 

8 If the reader is not Iamiliar with the fqdamentalideas which are related 40 and 
Involved In the second law of thermodynsrmcs and It is safe to assume that he is not 
he might profltably read pages 153-169 of Fkinklii and YcNutt’s General Physics: 
This is an extremely sim le and.vividl hysical discussion and it will serve to show 
how crratic action or turfulence is trea&$ in the clwical thermodynsmicS. This has, 
of coiirse an important bearhg on the subject matter of ths  paper. 

gIt is nbt a valid objectlon to this statement to say that it is not true * * * accord- 
ing to the atomic theory. Beawse In the first place the atomic theory hardly carries 
one so Iar, and In the second lace the atomic theory Is, after all, only a group of ideas 
and as suchjt can not prope8y be allowed to determine every tentative Idea that 04 
IS to entertain. 

10 The postulate of indeterminism is put forth In a remarkable aper by M. J. Bous- 
sines , entitlcd “C~ncIIIation du VBrltahle DBtermInisme Meechanpque avec I’Existence 
de la(\% et de In Libert4 Norale ” Park, 187s. 

M. Boussinesq‘s point of view’is however, essentially differen! Irom the idea whlch 
is here set f0rt.h. “Scientists are fn agreement ’’ says. bi. Iloussinesq, “that physlcal 
and chemieal laws are reduiciblo 1n.the last anal Lis to ditTerent epations ’’ and accord- 
ing to N. Boussinesg, indeterm@sm is lh?ke8wit+ the behayor of ddepnti’sl equa- 
tions near and at their singular points. Ths is cert+y a very important idea, but the 
Idea he? set for+ is that phpical laws (dlITerent!al equations) rela@ &way! to per- 
manencies or qilrrslpermanmes and that no phyma1 law exlsts (no differentml equa- 
tion has anv mamung) in a turdulent system unless such a system presents whet an 
Irishman might $1 momentary permanencies and what we, with more elegance, d l  
qu;! rnnanancies. 

oussinesq’s Indeterminism rames from dngularities in action, as implicitly con- 
tained in a differeutisl eoustiun. whereas theindeterminism here referred to comes from 
a bTe3k-k were:in i d i s l  or boundary conditions and the com lete IaIlnre in applica- 
tion of &y dlflerentiel equation (except, of.c~mme, n!rh dinerenth Rquatlm as express 
the application of the principle of probability) until the system again comes to com- 
plcte or qunsi equilibnum. Thus the curve whch represents the expansion of a gas 
on then u diacram presents an actual mp. the cunw does not exist, when the gas ~8988s ~. 
through a turbulent condition. 

W.hat is stated sbovq as f.0 the distinction between the Bousslnesq indeterminism and 
the inrlatnrminism Ivhlch IS discussed m t h t s  wuer. nnmelv. that in one m e  WB have 

- -. 

. .. . 
to chemlcal systenis. 
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instability. Indeed, an impetuow process seems always 
to be the collapse of an unstable state. Let us consider, 
therefore, two ideal cMes where the condition of insta- 
bility is assumed to be completely established at  the 
start. 

(a)  Imagine a warm layer of air near the groimd over- 
laid with cold air. Such a condition of the atmosphere 

surely, and the rasshopper and the fly may be of en- 

than anything assignable. Inkitesinial differences in 
the earlier sta es of an impetuous process may, therefore, 
lead to k i t e  % ifferences in the fhal trend of the process. 

(b) Consider a smooth spherical ball traveling througli 
still air. There certainly is no more reason to  espect 
the ball to jump to the right than to the left. There- 
fore we may conclude that it will not ump either wa . 
vertical position in a perfectly quiet room, and there is 
no more reason to expect tlio stick to fall ope way than 
another; therefore the stick will not fall a t  all. Every- 
one appreciates the fallacy of this argument as applied 
to the stick, and the moving ball does, in fact, jump 
sidewise. 

To understand the behavior of the ball, let u3 think of 

in a steady stream. The air streams past the Q a past 1 and it 
the ball aa standing still and of the air as blowin 

slides over a body of still air behind the ball; the surface 
which separates the mo air and still air is called a 

however minute, is sufficient to start an eddy or whirl, 
and once started such an eddy or whirl develops more and 
more. Such an eddy or whirl means that the air stream- 
ing past one side of the ball is thrown inward or outward, 
and the reaction on the ball pushes the ball sidewise. 
This effect can be shown by dropping a marble in a deep 
jar of water. Instead of moving strai ht downward the 
marble follows an erratic zi ag pa tl . This effect is 

in a stream of water; and the hissing of a ‘et of steam is 

Whenever the ostulate of erratic action is set forth, 

the most carefully considered prediction is urged as in 
the nature of things inevitable, we meet objections from 
two classea of men, namely, the average man who thinks 
frankly in terms of human values (the ardener who is 

classicist in science who idealizes nature in oneto-one 
corres ondencea. Surely the classicist says, “if we knew 
all” $e data we could make an unqualified prediction in 
an case. But, ignoring the hopeleasly unscientific atti- 

let it be understood that to speak of data in physics is to 
speak of a v narrow and limited kind of thmg, for data 

or where we have, contrary to Bacon’s exhortation, ac- 
ce ted a dream of fancy for a model of the world. 

f n  that branch of mathematical physics .which is called 
statistical mechanics and which includea the atomic 
theory, we speak of the complection of a system when we 
wish to refer to the positions and velocities of all the ele- 

tirely unheard-o f varieties, more niinu te and insignificant 

Similarly, a sharppointed stick stanc i s in a perfect i y 

vortex sheet, and a vortex Y s eet is unstable. Any cause; 

familiar to everyone in the si % ewise quivering of a stick 

due to the rapid flutterin of the boundary .b etween steam 
jet and air because of the I ormation of innumerable eddies. 

and the probable B eparture of a natural phenonenon from 

not concerned with individual drops o I rain) and the 

tu  K e of mind of one who can postulate lnfinite howledge, 

are conceivab ”9 e only where measurements can be made 

ments or particles of the system. Let us use this word in 
the statement of the ostulate of indeterminism. The 
cmplection of the wordto+wmow is not detemninateAhat 
is  to say, it does not TOW out qf the compb& qf the world 
to-day a8 a s-ingle-va f ued determinate thzng. Th= is a 
tidate which, as it seems, must be accepted as a 
hypothesis in the “extr&-equilibrium” world, 
of actual happenings, where things never do stand still 
but go forward by fits and stark impetuously and 
beyond all control. 

The conception oj-a physical s? &m as a.n atomic aggregate 
and peamn for stea&ess qf belmvior. 

Let us consider a body of gas in a closed vessel. Ac- 
cording to the atonic theory suc.h a as is an aggregate 
of a vast nuniber of minute things an d conditions, no one 
of which ever exercises a dominant influence upon the 
behavior of the system. Therefore, according to the 
principles of probability, the body of gas should present 
a remarkable steadiness of behavior and this steadiness 
of behavior should be more and more nearly complete 
the greater the amount of gas and the longer the time 
over which the behavior is averaged. 

But suppose a state of affairs could be brought about 
in which a single one of the minute elements or conditions 
could be made to lay a preponderating r61e in the be- 

hopper or the Arizona fl . Then the gas wo d be 
extremely erratic in its be i! avior and the kinetic theory 

UT” 
havior of the gas li f -e the above-mentioned Idaho 

interested in peculiar in 2 ivldual tricks of such a as, and 

su x den dominance of one pec 3 iar element or condition, 

and anticipate more or s ess accurately its future !i e t a  -7 s 

methods o 9 the details of 

- 

of such a gas would have to be 
straightforward development of 
probability to be of an great 

it is conceivable that these tricks might be i&te in 
variety. Mere averages, even mere averages qualified 
by probable departures, would be of little signficance. 
A articular trick of the gas m’ ht be dependent upon the 

and this particular trick might only occur once in a 
thousand years. Once in a thousand years, and we 
might be concerned with the behavior of the gas to- 
morrow. The only help in this case would be to study 
individual tricks with great care and patience and thus 
be able to recognize a articular trick in ita inci ienc 

of development. Classification studies of the most ex- 

of an individual 

of certain t pe tricks and 

develop unstable states of motion which mi h t  break as a 
vortex sheet is known to break. *s h$Ly fictitious 
example is given to lead u to a fairly a e uate state- 
ment of a ve 
statistical s t v z  oftie behvior of a syyatm which de ends 
upm8 Aighly heterogeneous erratic elements must use m%zus- 
tzve c la88@dion  studies. To be content with averages 
and departures derived from inadequately classified data 
would m such a case be as ineffective as to ignore the 
existence of species in the study of living forms. 

im ortant P act as follows: 2 n y  adequate 
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Meteorology. 

Meteorology has for man years been, one might almost 

hap enings, and the statistical methods which have been 

applicable to a homogenous aggregate of erratic elements. 
Statistic.al meteorologic.al studies have in .most cases 
involved tke leveling process of simple averagmg, wheroas 
the conditions would seem to require classification, classi- 
fication ten thousand times more exhaustive than any 
hitherto made. Of course there is some interest, attached 
to the avera e in meteorology because systematic differ- 

portant are discovered in this wa , but even such things 

were based upon ta much more exhaustive scheme of 
classification. In thinking of emi rating to Mesopotamia 

average weather conditions there might be for a lifetime 
or two, but as a resident of Boston, he is chieflv concerned 
with the variations of Boston’s weather. will the late 
frosts next sprin deprive him of ap les? Will 

he should be driven to Florida what weather welcome 
would he get there? It is certain that the most impor- 
tant phase of meteorology is to deal with particulars and 
not with averages, and its ultimate aim is weather control. 

Sayin very little, therefore, of the need of researches 

nizes this need, let us point out what seems to be most 
urgent1 needed in the most difficult phases of the sub- 

will be inter reted with the help of what we ave said 

among physicists. 
Three fairly distinct objects are to be attained in the 

analysis of weather observations, namely: 
(a) The determination of systematic. variations in 

time and place. This object has long been recognized 
by meteorologists. 

(6) The elaborate classihation of individual storm 
movements with respect. to. a great number of measurable 
or specifiable characteristics, and the establishment of 
statistical coefficients of correlation between the charac- 
teristics of a given type of storm on successive days so 
that weather predictions can be made and qualified, as 
they should be, by probable departures. This object has, 
of course, been recognized b meteorolo ists but we be- 

extended.” Effective schemes of classification can only 
be develo ed under the stimulus of intensive study of ac- 

sort of study might proper1 enga e the whole time of a 

an6 instrumental equipment of the Weather Bureau 
would have to be altered in res onse to the clearly con- 

(c) The intensive study of weather conditions should 
lead to a clear recognition of critical conditions in a given 
storm movement jconditions of static or dynamic msta- 
bility) and make it possible to dense means for control- 
ling the storm movement by the suitable expenditure of 
very moderate amounts of energy at the critical time and 

say, the only branch of p Tl ysics concerned mth attual 

use B in the past have been too much of the kind that are 

ences and r E. ythmic changes which are extremely im- 

would be more easily detected i i? the averaging process 

after the war, the writer has wis B ed to h o w  what the 

winter’s cold make % im wish he were in Flori $ a ? And if 

of the c f assical kind in meteorology, for everyone recog- 

ject an B we make the statement brief m the ho e that it 

concerning t Yl e new point of view that is developing 
R 

lieve that classXcahon stu dl ‘es should % e very greatly 

tual weat E er conditions (weather maps, let us say). This 

lar e staff of men, and pro i ! %  ably t e observational work 

wived demands for new kinds o I; data. 

11 Some of the more recent classiwtion studles are 8 s  follows: Bowie E. H., & 
We1 tman R H.: Types of Storms of the United Stntea aud thelr Averagedovements 
M. # R. S~DDI. 1.1911: Types of Antfqrclms of the United States aud their Averagi 
hlovemmta, M. WL R. Sup 1 . 4  1017. 

in the %tad dtates, W. B. Ab. No. d, 1016. 
Hen A. J. Bowle, E 8. dox. H. J. & Frankedeld, H. C.: Weather Forecasting 

lace. Anyone who has seen an old-fashioned rairie f i e  

and who reco izes the meanings of static and dynamic 

like the atmosphere, will accept this idea of weather con- 
trol as a legitimate conception to say the least. Whether 
it can ever be actually realized, however, is another thing; 
but it seems well worth the attention of the meteorologist. 
Although every atmospheric movement may, perha s, 

under way in the earliest stages l3 of every movement so 
that extremely critical states may never develop. There- 
fore the energy required to control a storm move- 
ment might dways be considerable in amount from the 
human point of view, althou h extremely small as .corn- 

bought under control by carefully considered B ac-, 
instability in t r eir influence on a complex physical system 

be properly tho h t  of as the collapse of an unsta E le 
state, it is proba T le that such collapse is already well 

pared with the total energy o B the storm movement itself. 

DYNAMIC HEATING OF BIB AS A CAUSE OF HOT VOLCANIC 
BLASTS. 

By G E O R ~ E  N. COLE, M. E., Associate, American Society of Civil 
Engineers. 

Probably there is no field so virgin or inviting for scien- 
tific marshalin as that part of the meteorological domain 

and following, volcanic eruption. ts ramifications reach 
from the vapor condensation and electrical effects of the 
storm to the dynamic record of the destruction of thin 
nnimate and inanimate, that fall before it. At 
eruption of Mont Pel6 30,000 human beings were 
killed in an instant under most appalling and marvelous 
circumstances, yet not a single autopsy was performed 
and no ublished account can be found that assigns a 

In a provious paper the writer has quoted at length 
eminent authorities who set for themselves the question, 
“What causes the deaths?”, and all give practically 
the same answer, “The hot blast, bearing sand and 
steam from the volcano”. This is corroborated by the 
learned Viennese eolo ist, Prof. E. Suess, and by B. 

cloud of Mont Pel6.” 
It will not be the function of this paper to inquire into 

the ordinar smoke, vapor, and electrical effects of the 
eruption. $hey are probably of the usual nature of 
storm phenomena, greatly intensified by the magnitude 
of the action, which involves eat differences in tempera- 

Our task will be an inquiry into those blasts which, with 
swift and stifling stroke, rend, burst, blister, i 
upheave all that o pose them till their fury is issipated 

Volcanoes are not laboratories. They can neither be 
selected in advance with even approximate certainty, 
nor can safe stabons for apparatus be chosen. After 
the experiment, physical and biological changes of 
enormous magnitude must be read in terms of analogy 
from our experience. 

Just after the Martinique disaster it was related to the 
writer that bodies had been found apparently unharmed 
and untouched except for blisters and burns and that 
these blisters were under clothing, at times as frail as 
lace, that showed no trace of fire or scorch, nor were 
there contiguous evidences of fire. These people had 

P which has to d o with atmospheric henomena caused by, 

sure exp f anation of the cause of death. 

Keto; of Japan, w % f  o re er to the “hot vapors and steam 

ture, with unusual volumes o r water and volcanic matter. 

P and 
by distance and t 1 eir ardor cooled by mLxture. 

19 The discussion of sim le sweeps and 01 steady swpps 011 pages 154-155 of Frnnklin 

18denti6c American Su 
: Tokio Imp. Univ., Colpof Sc. four., 38,’1018117, art. 8. B. hoto, p. 71 

and YacNutt’s Qeneral P%ysics will help to make tlus char. 
lement May 25 1918 85: 884436. 


